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(54) Method, device and system for calibrating angular rate measurement sensors 



(57) The present invention describes a method to 
calibrate an angular measurement device using an ac- 
celeration measurement device. The angular rate 
measurement device includes at least one angular 
measurement sensor and is able to distinguish the di- 
rection and strength of the gravity. The acceleration 
measurement device is fixed to the angular measure- 
ment sensor. A level plane which is substantially per- 
pendicular to the gravity vector is determined by using 
the acceleration measurement device in a first station- 
ary position. Angular values are determined during a 
displacement of the angular measurement sensor and 
the level plane is again determined in a second station- 
ary position. An angle according to the level planes is 
determined by the acceleration measurement device 
and is compared to an angle according to the angular 
values. By performing the calibration method the scales 
factor(s) of the angular measurement device and the 
strength and direction of the gravity can be obtained 
and/or corrected. 
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Description 

[0001] The present invention is related to a method, 
device and system for calibrating angular measurement 
sensors. Particularly the present invention is relates to 
a method, device and system for calibrating angular 
measurement sensors using an acceleration measure- 
ment device to provide a set of calibration steps to cal- 
ibrate the angular measurement sensors in a cheap, fast 
and easy manner. 

[0002] Inertial navigation systems are used to track 
the position of objects, such as vehicles, planes and also 
for handheld personal systems for personal use. Since 
navigation is possible using GPS systems the combina- 
tion of GPS receivers and inertial navigation systems is 
applied. GPS receivers are able to track a movement 
path but due to the timely distance of the signal only a 
coarse grid of the movement can be obtained. Besides, 
navigational information like current orientation of an ob- 
ject cannot be obtained using GPS systems. Therefore 
an inertial navigation systems is added to the GPS sys- 
tems. Data obtained by the GPS systems are used as 
reference position for the inertial navigation systems. 
Fine grid of the movement can be determined thereby. 
[0003] Inertial navigation systems are accomplished 
by integrating the output of a set of sensors to compute 
position, velocity and orientation to trace movements 
beginning at an initialisation point. In order to gain this 
information linear acceleration measurements with re- 
spect to initial space and angular rate measurements 
again with respect to initial space have to be performed. 
These measurements allow to solve the inertial differ- 
ential equations leading to position, velocity and orien- 
tation. The assembly of linear acceleration measure- 
ment sensors (accelerometers) to measure the linear 
acceleration and angular rate measurement sensors to 
measure the angular rate is known as inertial sensor as- 
sembly (ISA). 

[0004] It has to be considered that the most important 
disadvantage of inertial navigation systems is involved 
by the procedure of solving a differential equation. The 
basic measurement data are acceleration and angular 
rate values obtained by the inertial sensor assembly. 
These values have to be integrated in time once in case 
of angular rate and twice in case of acceleration values. 
Errors due to erroneous calibration, bias, drift or chang- 
ing environmental influence cause relative high devia- 
tion particular if the integration time islong. 
[0005] Current acceleration measurement devices 
have reached a relatively high accuracy, but angular 
rate measurement sensors like gyroscopes suffer in ac- 
curacy. To calibrate angular rate measurement sensors 
expensive 3-dimensional turn-rate tables have to be ap- 
plied. The scale factor of the angular rate measurement 
sensor is determined by using these turn-rate tables. 
This calibration measurement is only available in special 
equipped laboratories. But the scale factor of angular 
rate measurement sensors is strongly dependent on the 



condition of usage like ageing, temperature, humidity 
etc. Effects influencing the measurement results of an- 
gular rate measurement sensors are often compensat- 
ed in prior devices by using expensive additional elec- 

s tronic equipment which is not able to be accurate at any 
time. The electronic equipment uses pre-measured cal- 
ibration data obtained in environment simulation sys- 
tems to estimate the correct scale factor. Re-calibration 
of such sensors is necessary to ensure permanent ac- 

10 curacy which is a time and cost-intensive procedure. 
[0006] A method of easily and fast calibrating angular 
measurement sensors is not known hitherto but it would 
be desired to provide reliable systems at an acceptable 
price. 

15' [0007] Inertial sensor assembly used in inertial navi- 
gation systems comprises angular rate measurement 
sensors and linear acceleration measurement sensors 
like described above. A linear acceleration sensor can 
not distinguish between acceleration related to change 

20 of the velocity of the assembly and acceleration due to 
gravity of the earth. Therefore, it is often assumed that 
the gravity is constant or a model is applied using the 
latitude since the shape of the earth can be modelled as 
a rotational ellipsoid. One of the models is given by the 

25 standard model known as WGS-84 system defined by 
the Defense Mapping Agency. Conveniently, it would be 
a great advantage to measure the local gravity acceler- 
ation value to ensure to apply an exact acceleration val- 
ue of the gravity to increase the accuracy of inertial nav- 

50 igation. 

[0008] An object of the present invention is to provide 
a method and a device to calibrate the scale factor of 
an angular measurement sensor. Therefore an acceler- 
ometer measurement device attached in a fixed way to 

35 the angular rate measurement sensor is used to deter- 
mine values necessary for calibrating. 
[0009] Another object of the present invention is to 
provide a method and a device to measure the current 
acceleration value of the gravity simultaneously with the 

40 calibration process of an angular measurement sensor. 
[0010] A further object of the present invention is to 
provide a device comprising an acceleration measure- 
ment device and units to perform the calibration method 
according to the present invention. 

^5 [0011] A further object of the present invention is to 
provide a device additionally using a transmission net- 
work for exchanging data due to the above described 
calibration method. 

[0012] A further object of the present invention is to 
50 provide a system comprising at least one angular meas- 
urement sensor and a device for calibrating the angular 
measurement sensor including the possibility of remote 
operating of the calibration steps. 
[0013] To solve the objects of the present invention a 
55 method for easily calibrating an angular rate measure- 
ment sensor is provided accordingly. The method ac- 
cording to claim 1 comprises the steps cited therein. 
[0014] To reach this and other advantages and in ac- 
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cordance with the purpose of the present invention the 
method comprises several steps to obtain data neces- 
sary for calibration. The angular measurement sensor 
is attached to the acceleration measurement device in 
any fixed way in order to ensure that both the angular 
measurement sensor and the acceleration measure- 
ment device are displaced simultaneously in the same 
way when the arrangement of both is displaced. In a first 
step the assembly of angular measurement sensor 
which shall be calibrated and the acceleration measure- 
ment device is placed in a stationary position, for exam- 
pie placed on an table. In this position the level plane is 
determined by the acceleration measurement device. 
Said level plane shall be understood as the locally plane 
which is substantially or practically perpendicular to the 
direction of the gravity vector. The initial value of the an- 
gular measurement sensor to be calibrated is set to a 
pre-defined initial value, but may be preferably set to 
zero. Correspondingly, it may be possible that a set of 
initial values of the angular measurement sensor may 
have to be set to a set of pre-defined initial values. The 
definition of the initial value may be necessary due to a 
following evaluation and calculation process of the 
measured values. In a next step the assembly of the an- 
gular measurement sensor and acceleration measure- 
ment device is displaced. The displacement may be per- 
formed in an adequate way with respect to the capabil- 
ities of the angular measurement sensor Measured val- 
ues are determined by the angular measurement sensor 
during displacement of the assembly. After displace- 
ment the assembly is placed back to the stationary po- 
sition similar to that in the first calibration step. Again 
the level plane is determined using the acceleration 
measurement device. Now independentmeasurements 
of the displacement procedure are available and conse- 
quently, the change of the orientation is determined. The 
determination of the level planes allows to calculate an 
angle of displacement. The obtained measured values 
according to the angular measurement sensor allow to 
calculate also a further angle of displacement. Never- 
theless the calculated angles may be compared. The 
comparison of these angles may allow to estimate the 
accuracy of the angular measurement sensor and may 
enable to improve the accuracy of measurement thereof 
by suitable procedures. Preferably, a calibration setting 
of the angular measurement sensor may be modified or 
redefined in order to enable accurate measurements of 
the angular measurement sensor. 
[0015] Preferably, the above described method ac- 
cording to an embodiment of the invention is not limited 
to the usage of a single angular measurement sensor. 
It is self explaining that the embodiment may be extend- 
ed to calibrate more than one angular rate measurement 
sensor using the acceleration measurement device. 
During displacement several angular measurement 
sensors may produce measured values according to the 
displacement procedure. Therefore, each angular 
measurement sensor provides the possibility to obtain 



an angle according to the above described embodiment. 
The respective angles may be compared with the angle 
obtained form the measured level planes obtained by 
the acceleration measurement device. 

5 [0016] Conveniently, differences in the angles can be 
reduced to an erroneous scale factor of the angular 
measurement sensor since acceleration measurement 
devices used are very precise. A corrected scale factor 
may be obtained by applying the difference of the an- 

10 gles. Additional information concerning the displace- 
ment procedure may have to be included in the deter- 
mination of a correct scale factor. More preferably, this 
new scale factor is used for re-calibrating the angular 
measurement sensor and applied to further measure- 
rs ments thereafter. 

[0017] Additionally, the angular measurement sensor 
may be an angular rate measurement sensor. That 
means, that the angular rate measurement sensor is 
able to determine speed values. These determined 

20 speed values may be measured with respect to an axis. 
The definition of an initial speed value may be necessary 
due to a following evaluation and calculation process of 
the speed values. The evaluation and calculation of the 
speed values includes an integration of the speed val- 

25 ues to obtain an angle of displacement according to the 
displacement procedure carried out to calibrate the an- 
gular measurement sensor. This integration process 
may be performed during the rotation procedure but it 
may be also possible only to obtain the speed values 

30 and store these speed values in order to perform the 
integration after the displacement procedure. 
[0018] Preferably, the speed values obtained during 
the displacement procedure are rotation speed values. 
Moreover, the rotation speed may be a rotation speed 

35 with respect to an axis. Since the displacement with re- 
spect to axis is not limited to a rotation procedure the 
determined speed may be also a pivoting speed or any 
other displacement related rotation speed describing 
the displacement procedure. 

40 [0019] Conveniently, the speed values obtained dur- 
ing the displacement procedure may be angular speed 
values or angular rate values. Moreover, the angular 
speed may be an angular speed with respect to an axis. 
The displacement of the assembly may be an arbitrary 

45 displacement procedure. The angular measurement 
sensor may only be effected by displacement with re- 
spect to a certain axis. But the angular measurement 
sensor may be able to determine arbitrary changes of 
the movement related to the certain axis and therefore, 

so the movement may by completely reconstructed by the 
measured angular speed values of the angular meas- 
urement sensor. 

[0020] Additionally, the angular measurement sensor 
may be an angular rate integrating measurement sen- 
55 sor. The evaluation of the angle obtained by the angular 
rate integrating measurement sensor may be reduced 
to a subtraction of to angles, the initial angle and the 
angle obtained after the displacement procedure. The 
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subtracting will be performed simultaneously by the an- 
gular rate integrating sensor during the measurement 
process of the angular rate integrating measurement 
sensor or the displacement procedure according to the 
calibration method, respectively. 

[0021] Preferably, the displacement may be per- 
formed with respect to a certain angle. The axis may be 
defined according to the measurement properties of the 
angular measurement sensor. Moreover, the angular 
measurement sensor may be only able to measure dis- 
placements according to a certain axis. Therefore, it is 
advantageous to displace the assembly of angular 
measurement sensor and acceleration measurement 
device with respect to this axis to avoid side effects af- 
fecting the measurement process of the angular meas- 
urement sensor and the acceleration measurement de- 
vice. 

[0022] Conveniently, the angle may be a rotation an- 
gle. The rotation angle may be defined with respect to 
an axis. The axis may be defined according to the meas- 
urement properties of the angular measurement sensor. 
Of course, the angle may not be limited to a rotation 
since arbitrary angular displacements with respect to 
the axis may possible and these angular displacements 
may be determined using the angular measurement 
sensor. Also arbitrary pivoting displacements may be 
possible. 

[0023] Additionally, a rotation angle of about 360° is 
advantageous since parasitic measurement effects can 
be neglected known by people skilled in the art. 
[0024] Preferably, in order to obtain acceleration 
measurement values as trustworthy as possible the ro- 
tation axis shall be substantially parallel to the level 
plane i.e. substantially perpendicular to the direction of 
the gravity of the acceleration vector. In this case the 
determination of the level plane before and after the ro- 
tation procedure and the calculated rotation angle there- 
from is more precise, respectively 
[0025] Conveniently, the calibration method is repeat- 
ed as long as the deviation of the angles is beyond a 
threshold value. This iterative process will lead to a re- 
liable calibration of the angular measurement sensor. A 
small deviation of the angles obtained by the angular 
measurement sensor and the acceleration measure- 
ment device will enable to calculate a more confident 
scale factor. A large deviation may increase the variation 
of the scale factor due to the estimation process of the 
scale factor form the difference of the obtained angle. 
[0026] Additionally, due to the simplicity of the calibra- 
tion process it is possible to repeat the above described 
calibration process in order to check the new corrected 
scale factor of the angular measurement device. These 
repetitions may be performed until the deviation of the 
orientation calculated by using the acceleration meas- 
urement device or the angular measurement sensor, re- 
spectively, is beyond a pre-determined threshold and is 
sufficiently accurate. 

[0027] Preferably, if the acceleration measurement 



values determined during the displacement procedure 
may be recorded the values of the acceleration meas- 
urement related to the measurement direction non par- V 
allel to a displacement axis change their values due to 
5 the changing part of the gravity acceleration. Obtaining 
minimal and maximal values allow to gain an exact value 
of the gravity acceleration according to their local value. 
This is useful since local gravity acceleration can 
change particularly if the assembly is used in regions 
10 with abnormal gravity. The calibration process of the an- 
gular measurement sensor and the measurement of the 
gravity acceleration may be performed simultaneously. 
A rotation procedure with respect to an displacement ax- 
is by an angle of 360° may be preferable and may en- 
*5 sure that the obtained acceleration values are valid for 
obtaining the strength of the local gravity. According to 
the demanded, effects restricting the accuracy of the 
measurement of the gravity acceleration like centrifugal 
acceleration and the like may be taken into considera- 
te tion. 

[0028] Conveniently, to ensure that the measured 
gravity acceleration is exact the rotation procedure has 
to be repeated at least applying on other axis to be ro- 
tated along with. More conveniently, at least the axis to 

25 be rotated along shall be perpendicular to that one used 
before to ensure that all acceleration measurement di- 
rections measured by the acceleration measurement 
device for calibrating the angular measurement device 
are involved in obtaining the acceleration of the earth's 

30 gravity. 

[0029] According to another aspect of the present in- 
vention , a computer program for carrying out the method 
for calibrating an angular measurement sensor using an 
acceleration measurement device is provided, which 

35 comprises program code means for performing afl of the 
steps of the method for calibrating when said program 
is run on a computer, network, a mobile device, or an 
application specific integrated circuit. The method of cal- 
ibrating comprises determining of a level plane in a first 

to stationary position using the acceleration measurement 
device, determining of measured values during the dis- 
placement procedure by the angular measurement sen- 
sor, determining again the level plane in a second sta- 
tionary position comparable with the first stationary po- 

^5 sition, receiving an angle using the determined level 
planes and receiving an angle according to the meas- 
ured values determined by the angular measurement 
sensor. 

[0030] Preferably, the angles are compared in order 
50 to check the calibration of the angular measurement 
sensor since brief displacements can be obtained more 
precisely using acceleration measurement devices. 
More preferably, a new scale factor may be determined 
using the obtained angles if the difference of the ob- 
55 tained angles is beyond a pre-defined threshold values. 
A new scale factor for the angular measurement sensor 
may be necessary to obtain trustworthy measurements 
by the angular measurement sensor. Further preferably, 
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the angular measurement sensor is re-calibrated using 
the new scale factor. 

[0031] Conveniently, the angular measurement sen- 
sor may be a angular rate measurement sensor and the 
measured values obtained by the angular rate measure- 
ment sensor may be measured speed values. The angle 
of the displacement procedure according to the angular 
rate measurement sensor may be obtained by integrat- 
ing the speed values. A setting of the angular rate meas- 
urement sensor to an initial speed value may be neces- 
sary in order to perform the integration of the obtained 
speed values. Moreover, the speed values may be 
measured with respect to an axis defined by the angular 
rate measurement sensor. Further, the speed values 
may be rotation speed values. Additionally, the speed 
values may be angular speed values. The speed values 
may not be limited to a rotation speed or a angular speed 
since the displacement may be carried out in an arbitrary 
way. Conveniently, the angular measurement sensor 
may be a angular rate integrating measurement sensor 
and the measured values obtained by the angular rate 
integrating measurement sensor may be measured an- 
gle values. The angle of the displacement according to 
the angular rate integrating measurement sensor may 
be obtained by subtracting the angle values. A setting 
of the angular rate integrating measurement sensor to 
an initial angle value may be necessary in order to per- 
form the subtraction of the obtained angle values. More- 
over, the angle values may be measured with respect 
to an axis defined by the angular rate integrating meas- 
urement sensor. 

[0032] Conveniently, the displacement of the assem- 
bly comprising the angular measurement sensor and 
the acceleration measurement device may be a dis- 
placement by a certain angle with respect to an axis. 
The axis may be defined by the angular measurement 
sensor. Preferably, the angle may be a rotation angle or 
a rotation angle with respect to the axis defined by the 
angular measurement sensor, respectively. Further, the 
angular measurement device may be rotated by about 
360° around the corresponding axis. Further, the axis 
around which the acceleration measurement device and 
the angular measurement sensor may be rotated is sub- 
stantially or practically perpendicular to the direction of 
the gravity vector. 

[0033] Additionally, the calibration method may be re- 
peated as long as said deviation of the angles is beyond 
a threshold value. 

[0034] Conveniently, acceleration signals generated 
by the acceleration measurement device may be deter- 
mined during displacement to obtain maximal and min- 
imal acceleration values of the acceleration sensors 
used for measuring acceleration perpendicular to the ro- 
tating axis to gain the local acceleration value of the 
gravity. A rotation procedure with respect to an axis by 
an angle of 360° may ensure that the obtained acceler- 
ation values may be valid for obtaining the strength of 
the local gravity. 



[0035] According to yet another aspect of the inven- 
tion, a computer program product is provided compris- 
ing program code means stored on a computer readable 
medium for carrying out the method for calibrating an 

5 angular measurement sensor using an acceleration 
measurement device when said program product is run 
on a computer, a network device, a mobile terminal, or 
an application specific integrated circuit. The method of 
calibrating comprises determining of a level plane in a 

10 first stationary position using the acceleration measure- 
ment device, determining of measured values duringthe 
displacement procedure by the angular measurement 
sensor, determining again the level plane in a second 
stationary position comparable with the first stationary 

*5 position, receiving of an angle using the determined lev- 
el planes and receiving an angle according to measured 
values determined by the angular measurement sensor. 
[0036] Preferably, the angles are compared in order 
to check the calibration of the angular measurement 

20 sensor since brief displacements may be obtained more 
precisely using acceleration measurement devices. 
More preferably, a new scale factor my be determined 
using the obtained angles if the difference of the ob- 
tained angles is beyond a pre-defined threshold values. 

25 a new scale factor for the angular measurement sensor 
may be necessary to obtain trustworthy measurements 
by the angular measurement sensor. Further preferably, 
the angular measurement sensor is re-calibrated using 
the new scale factor. 

30 [0037] Conveniently, the angular measurement sen- 
sor may be a angular rate measurement sensor and the 
measured values obtained by the angular rate measure- 
ment sensor may be measured speed values. The angle 
of the displacement procedure according to the angular 

35 rate measurement sensor may be obtained by integrat- 
ing the speed values, A setting of the angular rate meas-.. 
urement sensor to an initial speed value may be neces- 
sary in order to perform the integration of the obtained 
speed values. Moreover, the speed values may be 

40 measured with respect to an axis defined by the angular 
rate measurement sensor. Further, the speed values 
may be rotation speed values. Additionally, the speed 
values may be angular speed values. The speed values 
may not be limited to a rotation speed or a angular speed 

45 since the displacement may be carried out in an arbitrary 
way. Conveniently, the angular measurement sensor 
may be a angular rate integrating measurement sensor 
and the measured values obtained by the angular rate 
integrating measurement sensor may be measured an- 

50 gje values. The angle of the displacement according to 
the angular rate integrating measurement sensor may 
be obtained by subtracting the angle values. A setting 
of the angular rate integrating measurement sensor to 
an initial angle value may be necessary in order to per- 

55 form the subtraction of the obtained angle values. More- 
over, the angle values may be measured with respect 
to an axis defined by the angular rate integrating meas- 
urement sensor. 
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[003B] Conveniently, the displacement of the assem- 
bly comprising the angular measurement sensor and 
the acceleration measurement device may be a dis- 
placement by a certain angle with respect to an axis. 
The axis may be defined by the angular measurement 
sensor. Preferably, the angle may be a rotation angle or 
a rotation angle with respect to the axis defined by the 
angular measurement sensor, respectively. Further, the 
angular measurement device may be rotated by about 
360° around the corresponding axis. Further, the axis 
around which the acceleration measurement device and 
the angular measurement sensor may be rotated is sub- 
stantially perpendicular to the direction of the gravity 
vector. 

[0039] Additionally, the calibration method may be re- 
peated as long as said deviation of the angles is beyond 
a threshold value. 

[0040] Conveniently, acceleration signals generated 
by the acceleration measurement device may be deter- 
mined during displacement to obtain maximal and min- 
imal acceleration values of the acceleration sensors 
used for measuring acceleration perpendicularto the ro- 
tating axis to gain the local acceleration value of the 
gravity. A rotation procedure with respect to an axis by 
an angle of 360° may ensure that the obtained acceler- 
ation values may be valid for determining the strength 
of the local gravity. 

[0041] According to a further aspect of the invention, 
a device to be calibrated using above described method 
of the present invention comprises an acceleration 
measurement device, a unit for determining a level 
plane using the acceleration measurement device 
therefor, a unit for determining values measured by the 
angular measurement sensor, a unit for receiving an an- 
gle obtained by two level plane determinations, a unit 
for receiving an angle according to the values measured 
by the angular measurement sensor. The acceleration 
measurement device includes an arrangement of sen- 
sors able to distinguish the direction of gravity related 
to at least one , preferably two or three space directions, 
wherein at least one direction is sufficient in case there 
is a restriction of the device. The units enable to perform 
the steps according to the above described method for 
calibrating a angular measurement sensor using an ac- 
celeration measurement device. 

[0042] The device for calibrating an angular measure- 
ment sensor may comprise more than one angular 
measurement sensor, like inertial navigation devices. It 
is obvious, that the calibration process of a device in- 
cluding more than one angular measurement sensor 
may be extended in an analog way. The angles obtained 
by the level plane determinations using the acceleration 
measurement device may be compared with angles ob- 
tained by each angular measurement sensor of the plu- 
rality of angular measurement sensors. It is obvious, 
that the method for calibrating an angular measurement 
sensor may be extended accordingly to a method for 
calibrating a plurality of angular measurement sensors. 



[0043] Preferably, the embodiment of the device for 
calibrating further comprises a unit for determining a 
scale factor of the angular measurement sensor using 
the angles obtained by the level plane determinations 

5 and the angles obtained by the angular measurement 
sensor and a unit for resetting the determined scale fac- 
tor to the angular measurement sensor 
[0044] Additionally, means to re-calibrate the angular 
measurement sensor according to the obtained new 

to scale factor are advantageous. The means for re-cali- 
brating like an electronic connection between calibration 
device and angular measurement sensor allow to trans- 
mit the obtained calibration data directly to the angular 
measurement device. In case of no connection calibra- 

15 tion data have to be transmitted in an manually way. Due 
to the type of the angular measurement sensor and the 
possibly connected signal processing unit different 
ways of setting a new scale factor are possible. 
[0045] Preferably, the embodiment of the device for 

20 calibrating comprises additionally a unit for determining 
the maximal and/or minimal acceleration value during 
the displacement procedure. More preferably, the accel- 
eration signals generated by the acceleration measure- 
ment device may be determined during rotation to obtain 

25 maximal and minimal acceleration values of the accel- 
eration sensors used for measuring acceleration per- 
pendicular to the rotating axis to gain the local acceler- 
ation value of the gravity. A rotation procedure with re- 
spect to an axis by an angle of 360° may ensure that 

30 the obtained acceleration values may be valid for deter- 
mining the strength of the local gravity. 
[0046] As the described method can be performed 
easily and fast it is possible to implement a unit for de- 
tecting possible mis-calibration of the scale factor of the 

35 angular measurement sensor or the gravity accelera- 
tion. This unit can signal the userto recalibrate. Typical 
characteristics of mis-calibration can be changing of 
temperature, humidity, ageing like described above ef- 
fecting the accuracy of the assembly. But It is also pos- 

<o sible to propose the user of such a device to recalibrate 
it after a certain time of use to ensure correct device 
function. 

[0047] Additionally, the units necessary to perform the 
steps of the calibration method can be actuated remote- 

45 ly. Therefore the device comprises additionally a unit for 
transmitting and receiving data via a transmission net- 
work. Determination and evaluation steps of the method 
require complex calculations so that it can be advanta- 
geous to carry out several steps at a remote side. Due 

50 to the certain embodiment of the device different units 
may be replaced by using remote units or devices which 
are able to perform the operation of the units which they 
replace. 

[0048] For example, an embodiment may comprise 
55 no built-in evaluation and/or calculation units, since 
measured values of the sensor measurement units and 
acceleration measurement devices may be transmitted 
by a transmission and receiving unit. The measured val- 
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ues are transmitted directly to a remote instance where 
the necessary calculations and evaluations may be per- 
formed. Only calibration data may be sent back to the 
device, 

[0049] Another embodiment of the device may com- 
prise a unit for obtaining the measured values related to 
the angular measurement sensor, e.g. an integration 
unit to gain the attitude angle related to the rotation axis. 
In this case the determination of the level planes and 
the comparison of the attitudes due to the two measure- 
ment devices as also the evaluation and calculation of 
the angular measurement sensor calibration may be 
performed at the remote side. 

This kind of implementation of the units for calibrating 
can be used advantageously by implementing only units 
which are used often and not only for determining and 
evaluation due to the calibration method. All units which 
are only used for calibration can be replaced by the em- 
ployment of remote evaluation and calculation service. 
[0050] Conveniently, the transmission and receiving 
unit can be realised using existing communication net- 
works able to transmit data. A wide area network is of 
special interest to provide this implementation to a great 
variety of devices. The wide area network can be a wide 
area radio communication network, a wide area mobile 
communication network, like global system for mobile 
communication (GSM), universal mobile telecommuni- 
cation system (UTMS), wideband code division multiple 
access (WCDMA) or likely or related mobile communi- 
cation standards. 

[0051] But also local area transmission network can 
be of interest to perform evaluation and calculation 
steps on a personal or mobile computer or any device 
able to perform the evaluation and calculation steps ac- 
cording to the calibration method. A local area commu- 
nication network can be a low power radio frequency 
network, a infrared transmission network, a network 
based on wireless local area network (WLAN) or even 
a wire-based connection like universal serial bus (USB), 
Firewire bus or serial connection or any other kind of 

wire-based connection. 

[0052] Conveniently, the angular measurement sen- 
sor may be a angular rate measurement sensor and the 
measured values obtained by the angu lar rate measure- 
ment sensor may be measured speed values. The angle 
of the displacement procedure according to the angular 
rate measurement sensor may be obtained by integrat- 
ing the speed values. A setting of the angular rate meas- 
urement sensor to an initial speed value may be neces- 
sary in order to perform the integration of the obtained 
speed values. Moreover, the speed values may be 
measured with respect to an axis defined by the angular 
rate measurement sensor. Further, the speed values 
may be rotation speed values. Additionally, the speed 
values may be angular speed values. The speed values 
may not be limited to a rotation speed or a angular speed 
since the displacement may be carried out in an arbitrary, 
way. Conveniently, the angular measurement sensor 



may be a angular rate integrating measurement sensor 
arid the measured values obtained by the angular rate 
integrating measurement sensor may be measured an- 
gle values. The angle of the displacement according to 

5 the angular rate integrating measurement sensor may 
be obtained by subtracting the angle values. A setting 
of the angular rate integrating measurement sensor to 
an initial angle value may be necessary in order to per- 
form the subtraction of the obtained angle values. More- 

10 over, the angle values may be measured with respect 
to an axis defined by the angular rate integrating meas- 
urement sensor. 

[0053] Conveniently, the displacement of the assem- 
bly comprising the angular measurement sensor and 

*5 the acceleration measurement device may be a dis- 
placement by a certain angle with respect to an axis. 
The axis may be defined by the angular measurement 
sensor. Preferably, the angle may be a rotation angle or 
a rotation angle with respect to the axis defined by the 

20 angular measurement sensor, respectively. Further, the 
angular measurement device may be rotated by about 
360° around the corresponding axis. Further, the axis 
around which the acceleration measurement device and 
the angular measurement sensor may be rotated is sub- 

25 stantially perpendicular to the direction of the gravity 
vector. 

[0054] Additionally, the calibration may be repeated 
as long as said deviation of the angles is beyond a 
threshold value. 

30 [0055] According to a further aspect of the invention, 
a system for calibrating an angular measurement sen- 
sor comprises an angular measurement sensor to be 
calibrated and a device for calibrating this angular 
measurement sensor according to the method de- 

35 scribed above. Accordingly, the device for calibrating 
comprises an acceleration measurement device, a unit 
for determining a level plane using the acceleration 
measurement device therefor, a unit for receiving an an- 
gle obtained by two level plane determinations, a unit 

40 for receiving an angle provided by the angularmeasure- 
ment s_ensor._The.angular_measurement sensor and the 
calibration device have to be arranged to each other in 
an arbitrary way ensuring that the relative position and 
angle between angular measurement sensor and accel- 

45 eration measurement device are fastened during the ro- 
tation procedure. The acceleration measurement de- 
vice comprises a sensor which is arranged such that the 
direction of gravity can be distinguished at least related 
to one space direction. 

so [0056] Preferably, the unit for receiving an angle pro- 
vided by the angular measurement sensor of the device 
for calibrating the angular measurement sensor may 
comprise a unit for determining measured values given 
by the angular measurement sensor and a unit for re- 

55 ceiving an angle according to the measured values de- 
termined by the angular measurement sensor. 
[0057] Conveniently, the device for calibrating f urther 
comprises a unit for determining a new scale factor of 
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the angular measurement sensor. 
[0058] Additionally, means for re-calibrating like an 
electronic connection between calibration device and 
angular measurement sensor may allow to transmit the 
obtained calibration data directly to the angular meas- 
urement sensor, in case of no connection calibration da- 
ta have to be transmitted in an manually way. Due to the 
type of the angular measurement sensor and the pos- 
sibly connected signal processing unit different ways of 
setting a new scale factor are possible. 
[0059] The device for calibrating an angular measure- 
ment sensor may be able to calibrate a plurality of an- 
gular measurement sensors at the same time which 
may be performed for calibrating devices comprising 
several angular measurement sensors like devices for 
initial navigation. The angles obtained by the level plane 
determinations using the acceleration measurement de- 
vice may be compared with angles obtained by each an- 
gular measurement sensor of the plurality of angular 
measurement sensors. It is obvious, that the method for 
calibrating a angular measurement sensor may be ex- 
tended accordingly to a method for calibrating a plurality 
of angular measurement sensors. 
[0060] Preferably, the embodiment of the device for 
calibrating comprises additionally a unit for determining 
the maximal and/or minimal acceleration value during 
the displacement procedure. More preferably, the accel- 
eration signals generated by the acceleration measure- 
ment device may be determined during rotation to obtain 
maximal and minimal acceleration values of the accel- 
eration sensors used for measuring acceleration per- 
pendicular to the rotating axis to gain the local acceler- 
ation value of the gravity. A rotation procedure with re- 
spect to an axis by an angle of 360° may ensure that 
the obtained acceleration values may be valid for deter- 
mining the strength of the local gravity. 
[0061] Additionally, a system for calibrating an angu- 
lar measurement sensor comprises an angular meas- 
urement sensor to be calibrated and a device for cali- 
brating this angular measurement sensor according to 
the method described above wherein the device for cal- 
ibrating comprises additionally a unit for transmitting 
and receiving data via a communication network. This 
embodiment includes the advantage that not all neces- 
sary units essential for carrying out the method for cal- 
ibrating are to be implemented in the calibration device. 
These advantages are widely described above and can 
be adopted to this system. Determination and evalua- 
tion steps of the method require complex calculations 
so that it can be advantageous to carry out several steps 
at a remote side. Due to the certain embodiment of the 
device different units may be replaced by using remote 
units or devices which are able to perform the operation 
of the units which they replace. 

[0062] Conveniently, the angular measurement sen- 
sor may be a angular rate measurement sensor and the 
measured values obtained by the angular rate measure- 
ment sensor may be measured speed values. The angle 



of the displacement procedure according to the angular 
rate measurement sensor may be obtained by integrat- 
ing the speed values. A setting of the angular rate meas- 
urement sensor to an initial speed value may be neces- 

5 sary in order to perform the integration of the obtained 
speed values. Moreover, the speed values may be 
measured with respect to an axis defined by the angular 
rate measurement sensor. Further, the speed values 
may be rotation speed values. Additionally, the speed 

10 values may be angular speed values. The speed values 
may not be limited to a rotation speed or a angular speed 
since the displacement may be carried out in an arbitrary 
way. Conveniently, the angular measurement sensor 
may be a angular rate integrating measurement sensor 

15 and the measured values obtained by the angular rate 
integrating measurement sensor may be measured an- 
gle values. The angle of the displacement according to 
the angular rate integrating measurement sensor may 
be obtained by subtracting the angle values. A setting 

20 of the angular rate integrating measurement sensor to 
an initial angle value may be necessary in order to per- 
form the subtraction of the obtained angle values. More- 
over, the angle values may be measured with respect 
to an axis defined by the angular rate integrating meas- 

25 urement sensor. 

[0063] Conveniently, the displacement of the assem- 
bly comprising the angular measurement sensor and 
the acceleration measurement device may be a dis- 
placement by a certain angle with respect to an axis. 

30 The axis may be defined by the angular measurement 
sensor. Preferably, the angle may be a rotation angle or 
a rotation angle with respect to the axis defined by the 
angular measurement sensor, respectively. Further, the 
angular measurement device may be rotated by about 

35 360° around the corresponding axis. Further, the axis 
around which the acceleration measurement device and 
the angular measurement sensor may be rotated is sub- 
stantially perpendicular to the direction of the gravity 
vector. 

40 [0064] Additionally, the calibration may be repeated 
as long as said deviation of the angles is beyond a 
threshold value. 

[0065] This kind of implementation of the units for cal- 
ibrating can be used advantageously by implementing 
45 only units which are used often and not only for deter- 
mining and evaluation due to the calibration method. All 
units which are only used for calibration can be replaced 
by the employment of remote evaluation and calculation 
service. 

so [0066] Conveniently, the transmission and receiving 
unit can be realised using all existing communication 
networks able to transmit data. A wide area network is 
of special interest to provide this implementation to a 
great variety of devices. The wide area network can be 

55 a wide area radio communication network, a wide area 
mobile communication network, like global system for 
mobile communication (GSM), universal mobile tele- 
communication system (UTMS), wideband code divi- 
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sion multiple access (WCDMA) or likely or related mo- 
bile communication standards. But also local area trans- 
mission network can be of interestto perform evaluation 
and calculation steps on a personal or mobile computer 
or any device able to perform the evaluation and calcu- 
lation steps according to the calibration method. A local 
area communication network can be a low power radio 
frequency network, a infrared transmission network, a 
network based on wireless local area network (WLAN) 
or even a wire-based connection like universal serial 
bus (USB), Firewirebus or serial connection or any oth- 
er kind of wire-based connection. 
[0067] The present invention can be embodied in one, 
two or three dimensions of space direction. However, if 
the device is fixed at some point or some plane such 
that freedom of movement thereof is restricted, the di- 
rection of gravity may be distinguished related to only 
one, preferably two dimensions or space directions. 
[0068] The accompanying drawings are included to 
provide a further understanding of the invention , and are 
incorporated in and constitute apart of this specification. 
The drawing illustrate embodiments of the invention 
and, together with the description, serve to explain the 
principles of the invention. In the drawings, 

Fig. 1 is a schematic diagram to illustrate the proc- 
ess steps of an inertial navigation system where the 
calibration method of the present invention can be 
applied, 

Fig. 2 is a block diagram showing the steps of the 
method for calibrating an anguiar rate measure- 
ment device using acceleration measurement de- 
vice, 

Fig. 3 is a schematic showing another preferred em- 
bodiment using transceiving capability of a mobile 
device to perform calculations related to the calibra- 
. tion method of the present invention outside this 
mobile device, 

Fig. 4 is a schematic showing another preferred em- 
bodiment using a fixed-on device to check the cal- 
ibration of an angular rate measurement device. 

[0069] Fig. 1 illustrates a block diagram of a state of 
the art inertial navigation system without the demand of 
completeness. This embodiment of an inertial naviga- 
tion system shall illustrate at which points the calibration 
method of the present invention affects this kind of sys- 
tems. The calibration method of the present invention 
affects the scale factor of the angular rate measu rement 
device and the gravity vector g both marked in the Fig. 
by an ellipsoid shape. The procedure of gaining and 
evaluating measurements of inertial navigation systems 
in well known to people skilled in the art (for example: 
Farrell, J. and Barth, M., "The Global Positioning Sys- 
tem and Inertial Navigation", The McGraw-Hill Compa- 



nies Inc. 1988). 

[0070] Beginning with the signals of the accelerome- 
ters the measured acceleration is corrected due to cen- 
trifugal acceleration and gravity acceleration. As a result 

5 of the corrections the linear acceleration in the system 
body marked with suffix b is obtained. The acceleration 
in the body system is integrated by time resulting to the 
velocity in the body system. To obtain navigation coor- 
dinates related to an external coordinate system for ex- 

10 ample related to an earth fixed system a body-to-inertial 
transformation is performed to gain the velocity marked 
with suffix n. In a last integration step the velocity is in- 
tegrated to gain the trajectory in said earth fixed navi- 
gation system. 

15 [0071] The angular rate signals are essential in this 
process at different points. The correction of the centrif- 
ugal acceleration requires the knowledge of the angular 
rate. The integration of the angular rate leads to the dif- 
ferent rotation angles of the body. This rotation angles 

20 are required for gravity acceleration correction acceler- 
ation and for the body-to-inertial transformation since 
the linear acceleration measurement can not distinguish 
between acceleration due to changes in the velocity and 
gravity. 

25 [0072] It could be seen easily that deviations in the 
scale factor and gravity acceleration and/or vector di- 
rection of the gravity acceleration is disadvantageously 
for the accuracy of the complete process. Therefore a 
simple and fast practicable method to calibrate this 

30 quantities is advantageously. 

[0073] Fig. 2 shows a block diagram to illustrate the 
necessary steps of the calibration process related to the 
present invention performed by using an sensor assem- 
bly comprising an acceleration measurement device 

35 and an angular rate measurement device wherein the 
acceleration measurement device comprises at least 
one, preferably two or three acceleration measurement 
sensors arranged substantially perpendicularly to each 
other and the angular rate measurement device com- 

40 prises at least one angular rate measurement sensor. 
Generally angular rate measurement devices compris- 
es at least one, preferably two or three angular rate 
measurement sensors arranged substantially perpen- 
dicularly to each other to track all attitude angles. 

45 [0074] The calibration process is started by determin- 
ing the level plane relating to the sensor assembly in 
stationary position using the acceleration measurement 
device. Further the sensor assembly is rotated of about 
360° along the axis to be calibrated. Preferably direction 

50 of the axis is chosen to be substantially parallel to the 
level plane, i.e. perpendicular to the direction of the 
gravity vector. After rotating the level plane relating to 
the sensor assembly is determined again. The total ro- 
tation angle can be obtained by comparing the position 

55 of the assembly relating to the two level plane determi- 
nations. If the rotation axis is chosen to be substantially 
parallel to the level plane the rotation angle according 
to the rotation can be obtained as best as possible ob- 
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viously to those skilled in the art. Simultaneously to the 
measurement process related to the acceleration meas- 
urement device the rotation angle of the angular rate 
measurement device is set to an initial value, i.e. is set 
to zero. During rotating the assembly the angular rate is 
measured. The total rotation angle of the assembly is 
obtained by integrating these angular rate values. The 
integration process can be performed during the rotation 
procedure or the angular rate values are stored during 
rotating and integrated thereafter. The calibration proc- 
ess provides both a total rotation angle due to the ac- 
celeration measurement device and a total rotation an- 
gle due to the angular rate measurement device. The 
comparison of these two angles allows to estimate the 
accuracy of the angular rate measurement device and 
can be used to determine a new scale factor of the an- 
gular rate measurement device to enhance accuracy. 
[0075] Fig. 3 shows a preferred embodiment of device 
1 with built-in inertial sensor assembly. It is fair to as- 
sume that all units necessary to perform the calibration 
of an angular measurement device are included in that 
device comprising the device to be calibrated. Due to 
the fact that additional units are cost- intensive and often 
enlarge the housing and rise the weight of the device, 
particularly of interest with regard to mobile devices, a 
part of the units can be left out and the missing features 
can be compensated by using a transmission network. 
[0076] The device 1 , shown in Fig. 2, comprises only 
the acceleration measurement device and angular rate 
measurement device and a unit for transmitting the data 
obtained during the calibration process. If necessary a 
unit for buffering the data can be included so that the 
transmission of the data can be performed after the ro- 
tating process "These data are transmitted 2 to an inde- 
pendent instance 3. All necessary calculation like inte- 
gration of the angular rate data, determination of the lev- 
el planes related to the acceleration measurement data, 
comparing of the rotation angles relating to the two in- 
dependent determinations provided by acceleration da- 
ta or angular rate data, respectively and if necessary cal- 
culation of a new scale factor for the angular rate meas- 
urement device are performed by this independent in- 
stance 3 outside the device 1. 

[0077] Various instances are thinkable. For example 
if the inertial sensor assembly is built in a mobile phone 
transmission is performed via a wide area telecommu- 
nication network like GSM, UMTS or other related 
standards applied for mobile communication. In this 
case a service provider attached to the mobile commu- 
nication network performs the calculation steps and 
transmits 4 the result back to the mobile phone, i.e. 
transmitting a new scale factor or informing that the cal- 
ibration process is completed successfully. This service 
provider can be attached itself to the mobile communi- 
cation network using for example the internet. 
[0078] But also local area transmission network can 
be used. For example if the calculation and evaluation 
steps are performed using a personal or mobile compu- 
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ter or the like able to run a program providing the capa- 
bility to compensate the steps of the calibration process 
not implemented in the device 1 . Transmission to such 
additional devices can be applied using communication 
5 standards like Bluetooth, infrared (IR) transmission or 
WLAN. Even communication standards based on wire 
connections can be applied. 

[0079] According to the demand of the calibration 
process and number and kind of implemented units it is 
10 obviously that the function of non implemented units is 
transferred to an instance outside the device which in- 
cludes the sensor assembly. The number of implement- 
ed units according to the calibration method can be dif- 
ferent in different embodiments. 
15 [0080] Fig. 4 shows a schematic view of an another 
preferred embodiment. To check the calibration of an 
device 1 which includes an angular rate measurement 
device built of at least one angular rate measurement 
sensor (three sensors arranged perpendicu larly to each 
other are show in Fig. 4). A second device 2 including 
an acceleration measurement device (three sensors ar- 
ranged perpendicularly to each other are shown in Fig. 
4) like discussed above is fixed in any way to the device 
1 . Performing the method of the present invention allows 
to compare the calculated rotation angles to check the 
calibration of the angular rate measurement device 
built-in device 1 . In case of deviations an optional elec- 
tronic connections could allow the user of device 1 to 
recalibrate the angular rate measurement device of de- 
vice 1 automatically. Otherwise if no connection is avail- 
able the user could lay to claim service of device 1 know- 
ing that re-calibration is necessary. This knowledge is 
of particular interest due to the fact that re-calibration 
service is generally cost-intensive. 



Claims 

1. Method for calibrating an angular measurement 
sensor using an acceleration measurement device, 
comprising: 

determining a level plane using said accelera- 
tion measurement device in a first stationary 
position, 

displacing said angular measurement sensor, 
determining values measured by said angular 
measurement sensor during displacing, 
again determining said level plane in a second 
stationary position similarto said first stationary 
position, 

receiving an angle according to said level 
planes determined by said acceleration meas- 
urement device, 

receiving an angle according to said values de- 
termined by said angular measurement sensor 
and 

comparing said angles, 
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wherein said acceleration measurement device is 
attached in a fixed way to the anguiar measurement 
sensor and said level plane is adjusted such that it 
is substantially perpendicular to the direction of 
gravity vector. 

2. Method according to claim 1 , further comprising: 

obtaining a new scale factor given by said an- 
gles for said angular measurement sensor in 
case of a deviation between said angles be- 
yond a threshold value, 

3. Method according to claim 2, further comprising: 

re-caiibrating said angular measurement sen- 
sor using said new scale factor. 

4. Method according to anyone of the preceding 
claims, wherein said angular measurement sensor 
is a angular rate measurement sensor and wherein 
said values are speed values. 

5. Method according to claim 4, wherein said speed 
values are rotation speed values. 

6. Method according to claim 4, wherein said speed 
values are angular speed values. 

7. Method according to anyone of claims 1 to 3, where- 
in said angular measurement sensor is a angular 
rate integrating measurement sensor and wherein 
said values are angle values. 

8. Method according to claim anyone of the preceding 
claims, wherein said displacing is a displacing by a 
certain angle with respect to an axis. 
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said acceleration measurement device are deter- 
mined during displacement to obtain maximal and 
minimal acceleration values of said acceleration 
sensors used for measuring a local acceleration 
value of the gravity. 

1 4. Computer program for carrying out a method for cal- 
ibrating an angular measurement sensor using an 
acceleration measurement device, comprising pro- 
gram code means for carrying out the steps of said 
method for calibrating when said program is run on 
a computer or a network device, wherein said meth- 
od for calibrating comprises the following steps: 

determining a level plane given by an acceler- 
ation measurement device in a first stationary 
position, 

determining values measured by said angular 
measurement sensor during displacing, 
again determining said level plane in a second 
stationary position similar to said first stationary 
position, 

receiving an angle according to said level 
planes determined by said acceleration meas- 
urement device, 

receiving an angle according to said values de- 
termined by said angular measurement sensor 
and 

comparing said angles, 

15. Computer program according to claim 14, further 
comprising: 

obtaining a new scale factor by said angles for 
said angular measurement sensor in case of 
deviation between said angles beyond a 
threshold value. 



9. Method according to claim 8, wherein said angle is 

a rotation angle. *o 

10. Method according to claim 9, wherein said angular 
measurement device is rotated by about 360° 
around said axis. 

45 

11. Method according to anyone of the preceding 
claims, wherein said axis around which said accel- 
eration measurement device and said angular 
measurement sensor are rotated is substantially 
perpendicular to the direction of the gravity vector. 50 

12. Method according to anyone of the preceding 
claims, wherein the calibration method is repeated 
as long as said deviation of said angles is beyond 

a threshold value. 55 

13. Method according to anyone of the preceding 
claims, wherein acceleration signals generated by 



16. Computer program according to claim 15, further 
comprising: 

re-calibrating said angular measurement sen- 
sor using said new scale factor. 

17. Computer program product comprising program 
code means stored on a computer readable medi- 
um for carrying out a method for calibrating an an- 
gular measurement sensor using an acceleration 
measurement device when said program product is 
run on a computer or network device, wherein said 
method for calibrating comprises following steps: 

determining a level plane given by an acceler- 
ation measurement device in a first stationary 
position, 

determining values measured by said angular 
measurement sensor during displacing, 
again determining said level plane in a second 
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stationary position similar to said first stationary 
position, 

receiving an angle according to said level 
planes determined by said acceleration meas- 
urement device, 

receiving an angle according to said values de- 
termined by said angular measurement sensor 
and 

comparing said angles. 

18. Computer program product according to claim 17, 
further comprising: 

obtaining a new scale factor by said angles for 
said angular measurement sensor in case of 
deviation between said angles beyond a 
threshold value. 

19. Computer program product according to claim 18, 
further comprising: 

re-calibrating said angular measurement sen- 
sor using said new scale factor. 

20. Device for calibrating an angular measurement 
sensor, wherein the device comprises: 

an acceleration measurement device for cali- 
brating said angular measurement sensor, 
a unit for determining a level plane obtained by 
said acceleration measurement device, 
a unit for determining values measured by said 
angular measurement sensor, 
a unit for receiving an angle obtained by level 
planes, 

a unit for receiving an angle according to said 
values measured by said angular measure- 
ment sensor and 
a unit for comparing said angles, 

wherein said acceleration measurement device 
comprises acceleration measurement sensors ar- 
ranged in such a way that the direction of gravity 
can be distinguished related to at least one space 
direction. 

21. Device according to claim 20, wherein the device 
further comprises a unit for determining a scale fac- 
tor of said angular measurement sensor. 

22. Device according to claim 20 or claim 21 , wherein 
the device further comprises means for re-calibrat- 
ing said angular measurement using said new scale 
factor. 

23. Device according to claim 20 or claim 22, wherein 
the device additionally comprises a unit for deter- 
mining the maximal and/or minimal acceleration 



value during the displacement procedure to obtain 
a local value of gravity. 

24. Device according to anyone of claims 20 to 23, us- 
5 ing a transmission network for data exchange, 

wherein said device comprises a unit for transmit- 
ting and receiving measurement and/or evaluation 
and/or calculation and/or calibration data via a com- 
munication network and 
10 wherein a part of the units or all units are connected 
to the calibration device via said unit for transmitting 
and receiving. 

25. Device according to claims 24, wherein said com- 
15 munication network is a wide area communication 

network. 

26. Device according to claims 24, wherein said com- 
munication network is a wide area radio communi- 

20 cation network. 

27. Device according to claims 24, wherein said com- 
munication network is a network for mobile commu- 
nication. 

25 

28. Device according to claims 24, wherein said com- 
munication network is local area communication 
network. 

30 29. Device according to claims 24, wherein said com- 
munication network is low power radio frequency 
network. 

30. Device according to claims 24, wherein said com- 
35 munication network is local infrared transmission 

network. 

31. Device according to claims 24, wherein said com- 
munication network is a wire based communication 

40 network. 

32. System for calibrating angular measurement sen- 
sor, comprising: 

45 - an angular measurement sensor and 

a device for calibrating an angular measure- 
ment sensor, comprising: 

an acceleration measurement device for 
50 calibrating said angular measurement sen- 

sor, 

a unit for determining a level plane ob- 
tained by said acceleration measurement 
device, 

55 - a unit for receiving an angle obtained by 

level planes, 

a unit for receiving an angle provided by 
said angular measurement sensor and 
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a unit for comparing said angles, 

wherein said angular measurement sensor is 
fixed to said device for calibrating angular 
measurement sensor and wherein said accel- 5 
e rati on measurement device comprises accel- 
eration measurement sensors arranged in such 
a way that the direction of gravity can be distin- 
guished related to at least one space direction. 



33. System according to claim 32, wherein the unit for 
receiving an angle provided by said angular meas- 
urement sensor of the device for calibrating further 
comprises: 



10 



15 



a unit for determining values measured by said 
angular measurement sensor and 
a unit for receiving an angle according to said 
values determined by said angular measure- 
ment sensor. 20 

34. System according to claim 32 or 33, wherein the de- 
vice for calibrating an angular rate measurement 
sensor further comprising: 

25 

a unit for determining a scale factor of said an- 
gular measurement sensor. 

35. System according to anyone of the claims 32 to 34, 
wherein the device for calibrating an angular rate 30 
measurement sensor further comprising: 

means for re-calibrating said angu lar measure- 
ment using said new scale factor. 

35 

36. System according to anyone of the claims 32 to 35, 
wherein the device for calibrating an angular meas- 
urement sensor additionally comprises a unit for de- 
termining the maximal and/or minimal acceleration 
value during the displacement procedure to obtain 40 
a local value of gravity. 

37. System according to anyone of claims 32 to 36, us- 
ing a transmission network for data exchange, 
wherein said device for calibrating an angular *s 
measurement sensor comprises a unit for transmit- 
ting and receiving measurement and/or evaluation 
and/or calculation and/or calibration data via a com- 
munication network and wherein a part of the units 

or all units are connected to the device for calibrat- so 
ing angular measurement sensor via said unit for 
transmitting and receiving. 
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